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Goals
1. provide assessment of post-LHC8 SUSY
2. is there still a role for ILC to play?

YES! precision measurements to be sure, 
but also likely as a DISCOVERY MACHINE!

1. HB, Barger, Huang, Mickelson, Mustafayev, Tata
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What are main SUSY lessons from LHC8?

1. discovery of SM-like Higgs scalar at m(h)~125 GeV
confirms fundamental prediction of post LEP2 MSSM:

m(h)~114-135 GeV

2. No sign of SUSY so far: e.g. in mSUGRA/CMSSM
mg̃ > 1 TeV for mq̃ � mg̃

mg̃ > 1.4 TeV for mq̃ � mg̃

3. Seemingly violates predictions from many theorists:
story of SUSY naturalness:

sparticles ought to be below ~TeV 

Little hierarchy problem: how can it be that
m(Z)=91.2 GeV while sparticles > TeV?
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 New measure of naturalness:

• Model independent (impose at weak scale!)

• Conservative (necessary but perhaps not sufficient)

• measureable (reconstruct from weak scale Lagrangian)

• unambiguous (depends on spectra not parameters)

• predictive [m(higgsino)~m(higgs)]

• falsifiable (no light higgsinos at ILC then SUSY EW naturalness dead)

• simple to compute (Isajet 7.83)

Each contribution to m(Z) relation ought be of order m(Z)!
i.e. no large cancellations amongst independent contributions to m(Z)

how can m(Z)=91.2 GeV when sparticles >> TeV?
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Requiring low 
rules out some old favorites

• mSUGRA

• mGMSB

• mAMSB

∆EW

LHC limits & m(h)=125 GeV =>∆EW > 100 or < 1% EWFT

scan over mSUGRA

HB,Barger, Huang, Mickelson,Mustafayev, Tata, arXiv:1210.3019

(All spectra from Isajet 7.83, Paige, Protopopescu, HB, Tata, hep-ph/0312045)
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Radiative natural SUSY (from NUHM2)

•  

•  

•

µ2 ∼ (m2
Z/2)

m2
Hu

> m2
0

Σu
u(t̃1,2) small

HB, Barger, Huang, Mickelson,Mustafayev, Tata
PRL109(2012)161802 and  arXiv:1212.2655
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large cancellations
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 Post LHC8 SUSY benchmarks for ILC physics
HB and Jenny List

arXiv:1205.6929

website:
http://www-flc.desy.de/ldcoptimization/physics.php

LHA files available
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mSUGRA/CMSSM:    HB/FP region

Due to m(h)=125 GeV need for A0.ne.0,
HB/FP region moves much further out in m0

In spite of low mu, heavy stops lead to
large EW finetuning

At LHC: gluino pair production: 
reach to m(gl)~1.8 TeV for 300 fb-1

At ILC, various mixed
higgsino-gaugino pairs

accessible
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NUHM2 model:
in SU(5) & SO(10), Higgs and matter live in different

representations: non-universality expected
mHu �= mHd �= m0

LHC: 
gluino pairs;

inos-> trileptons;
A,H direct production

ILC:
Zh, Ah, ZH production;
low lying EW-ino pairs 
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Non-universal gaugino masses:
Gauginos get mass differently in SUGRA:

LHC:
clean trileptons :

pp → χ̃±
1 χ̃

0
2 → WZ +MET → 3�+MET

ILC:

e+e− → χ̃±χ̃∓ → W+W− +MET
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Kallosh-Linde-Olive; Kane et al. G2MSSM
string-inspired with moduli stabilization

m3/2, mq̃,�̃ ∼ 25− 100 TeV

gauginos : AMSB form with wino = LSP

LHC:
gluino pairs with

g̃ → tbχ̃±
1

displaced vertices?

ILC:
e+e− → χ̃±

1 χ̃
∓
1 γ

χ̃± → χ̃0
1π

±
small mass gap~200 MeV
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Normal scalar mass hierarchy (NMH): reconciles
(g − 2)µ with BF (b → sγ)

LHC:

pp → q̃q̃, q̃g̃, g̃g̃ ?

ILC:

e+e− → ẽR ¯̃eR → e+e− +ME

split generation with m0(1, 2) � m0(3)
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A pMSSM model looks like SPS1a’
but now LHC-compatible:

ILC:
sleptons,

EWinos all accessible!
previous SPS1a’ studies applicable

m(h)~125 GeV

LHC:
light stop, sbottom;

sleptons;
EWinos;

m(gluino) raised up
compared with SPS1a’
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Brummer-Buchmueller:
string-inspired mixed gauge-gravity mediation

LHC:
very hard to see

ILC:
higgsino pair production with 

1-3 GeV mass gap
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Conclusions:
• Radiative natural SUSY:                              

reconciles m(h)~125 GeV with EW finetuning

• light higgsinos: m(higgsino)~m(higgs)                   
new signatures for LHC: SS-dibosons;

• can elude LHC searches without compromising 
naturalness

• smoking gun signature: higgsino pairs at ILC: must see!

• variety of theory-motivated benchmarks with            
m(h)~125 GeV beyond LHC8 reach                       
but discoverable at ILC

LHC may get lucky, but ILC is required to 
completely probe weak scale SUSY
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